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Abstract 
Orthogonal Frequency Division Multiplexing (OFDM) can not only provide high speed and low price, but also can 
access quickly and smartly. OFDM is a core technology in future 4G times. In this paper, we presented the OFDM 
scheme and compare current technology in optical access network. 
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1. Introduction 
     With the data and multimedia business development, people in our life always complain about the 
network speed. To meet the demand for higher bandwidth necessitated by data-intensive multimedia and 
real-time applications, a variety of access technologies are being introduced in the last mile access 
network. Among these last mile access solutions, passive optical networks (PONs) remain probably the 
most future proof technology for the delivery of broadband to users [1].Although there are many 
technologies of passive optical networks (PONs), but current passive optical networks (PONs) 
technologies can’t meet the future need for network speed ,increasing quickly. Carriers and service 
providers are actively seeking a convergent network architecture that can facilitate a rich mix of value 
added and clearly differentiated services via a mix of wireless and wired solutions to meet the demand for 
mobility, bandwidth, and range of connectivity options for the customer [2]. Orthogonal Frequency 
Division Multiplexing (OFDM) format implied to passive optical network (PON) is a subject of great 
interest for recent research works. OFDM signal has high tolerance, high spectral efficiency, the fibre 
chromatic dispersion and the high flexibility on both multiple services provisioning and dynamic 
bandwidth allocation. Since the OFDM technology, with its predominant performance, wins recognition 
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from many people of insight, so passive optical networks (PONs) access technology based on OFDM has 
been called the next-generation optical access technology [3]. 
In this paper, we firstly introduce the basic principle of OFDM and then simply state some current 
optical access technologies, finally presented an optical access technology based on OFDM. 
 
Nomenclature 
A Passive Optical Networks (PON) 
B  Orthogonal Frequency Division Multiplexing (OFDM) 
C            4G (Four Generation) 
D            NGA (Next Generation Access) 
E            OFDM-PON˄Orthogonal Frequency Division Multiplexing Passive optical networks˅ 
2. OFDM technique profile 
As a efficient signalling scheme for the broadband digital communications, OFDM is different from 
frequency division multiplexing (FDM) and the major difference between them is that the spectrum of the 
individual carriers mutually overlap in OFDM. Nevertheless, if they are spaced in frequency exactly at 
the reciprocal of the symbol interval, the OFDM sub-carriers exhibit orthogonality on a symbol interval, 
which can be accomplished by utilizing the discrete Fourier, transform (DFT). With the development of 
modem digital signal processing technology, OFDM has become practical to implement and has been 
proposed as an efficient modulation scheme for applications ranging from modems, digital audio 
broadcast, to next-generation high-speed wireless data communications [4]. For instance, OFDM is 
applied to the high-speed wireless LAN standard IEEE 802.11a. 
OFDM is a special kind of muti-carrier programme, whose basic principle is that high-speed serial 
data will be converted to multiple relatively low-speed parallel data and these different sub-carriers will 
be modulated. As shown in figure 1, the high-speed signal s(n) after a deserializer becomes n road low-
speed sub-signals respectively modulated. 
 
   Fig.1 The producing process of OFDM signal  
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Fig. 2 single carrier and orthogonal multi-carrier 
OFDM is an improvement for Multi-Carrier Modulation (MCM) and as shown in figure 2, its feature 
is all sub-carrier mutually orthogonal, so the spectrum after spread spectrum modulated can overlap each 
other, not only reducing sub-carrier mutual interference, but also greatly improving the spectrum 
utilizationˈas shown in figure 3. 
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Fig. 3(a) traditional frequency division multiplexing modulation technology; (b) orthogonal frequency division multiplexing 
modulation technology 
In addition, in OFDM system, the orthogonality between various sub-channels can still be 
maintained even through the multipath channel by introducing a cyclic prefix signal and as shown in 
figure 4, circular prefix (CP) copies the last part of OFDM symbol to its front. CP plays key roles in 
eliminating intersymbol interference and maintaining orthogonality between the sub-carriers. Due to the 
code element symbols are cycle, it maintains the orthogonality between the subcarrier and reduces carrier 
interference (ICI) influence. If selected interval is greater than the maximum protection channel delay 
expanded, it will completely eliminate the influence of ISI and ICI. 
 
Fig. 4 the orthogonality maintained itself 
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3.  Current optical access technology to compare and analyze 
3.1. EPON 
Based on its low cost passive components, compatibility, scalability, and capability to deliver a 
bundled service to subscribers, EPON became the attractive solution to the bottleneck problem of the 
access network [5]. EPON is a passive optical network based on Ethernet and can provide uplink and 
downlink symmetrical 1.25Gbit/s transmission rate. Basically, EPON consists of an optical line terminal 
(OLT) residing in the central office, 1: N passive optical splitter/combiner, and multiple optical network 
units (ONU) as shown in Fig.5.  
By passive network equipment instead of repeaters, amplifier and lasers of the traditional 
ATM/SONET broadband access system, the number of laser needed in centre is reduced and ONU may 
serve one or more subscribers. In down stream direction, EPON is a point-to-multipoint network [6]. The 
OLT broadcasts the data packets to all ONUs via the common channel and each ONU extracts those 
packets sent with its node ID (MAC address). In the upstream direction, EPON is a multipoint-to-point 
network where all ONUs [7].  
There are many studies carried out to improve EPON efficiency in term of bandwidth utilization, 
minimizing packet delay, increasing network throughput, and providing better fairness and QoS support 
to traffic. Obviously, these efforts have led to the wide adoption of the 1 Gb/s access network to support 
the emerging broadband services. Meanwhile, the increasing demands for band-sensitive applications 
with the need to support multi-dwelling units and next generation wireless backhaul prompt the IEEE 
802.3 working group to initiate a study of the 10 Gb/s EPON architectures [8]. 
3.2. GPON  
GPON is the latest generation broadband passive integrated access standards based on ITU-TG 984x 
standard, using the same point-to-multipoint network. Comparing with other pon- technologies, GPON 
can provide unprecedented high broadband, large coverage, rich user interface, descending rate up to 2.5 
Gbit/s, asymmetric characteristic adapting broadband data service market effectively and so it is the ideal 
technology seen as realization of broadband access network business and comprehensive renovation by 
most operators. 
3.3. CONCLUSION 
Whether EPON or GPON, it can only provide uplink and downlink 1Gbit/s or 2Gbit/s transmission 
rate. With the popularization and development of big flow, big broadband business such as present 
interactive network television (IPTV), high definition television (HDTV), online games, and video 
business etc, every user's bandwidth demand is expected to an order of magnitude of increasing trend 
every three years. From the long development trend analysis of future carriers, per user's bandwidth 
demand will be in 50 ~ l00 between Mbit/s. Thus, GPON and EPON all cannot satisfy future broadband 
business development needs and the existing PONs bandwidth will appear bottleneck. Therefore, the 
standardization organizations like ITU–TǃFSAN and IEEE put forward 10G PON technologies and now 
10G PON technologies have mature, entered the promotion stage. In order to get a higher speed, every 
large organization is on the study of a new optical access technology. 
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4. Optical access networks based on OFDM 
Currently OFDM is becoming more popular and the specific performance is that OFDM technology 
has become a new European DAB standard , HDTV standard, 4G mobile communication alternative 
technology and OFDM/ UWB (IEEE802.15.3 a). Caused by the high capacity of network and the 
technical advantage of OFDM itself, the optical network applied OFDM with many advantages what 
didn’t exist before has become a trend. 
4.1. upgrade with low cost 
Compared with optical diaphysis transmission network, cost is more sensitive to optical access 
network. In order to save costs, multimode fibre currently has already been put into use in the optical 
access network mostly. But multimode fibre has high dispersion value and limits the transmission rate 
very much, so this optical access network will be gradually hard to meet users’ requirements for rate. If 
introducing OFDM technology in this kind of optical access systems, we can just make simple transform 
at both transmitter and receiver, and realize high speed transmission with the original transmission 
equipment .The study has shown that using OFDM adaptive modulation method can make current 
multimode fibre get more than 30Gbit/s transmission rate and 300km transmission range.[9] Therefore, 
OFDM technology can be applied in the present optical access network putting many multimode fibres 
into use and realize upgrade with low cost. 
4.2. Client can be directly used for wireless access 
Fig.5 shows a typical schematic drawing of passive optical network (PON) access application based on 
OFDM. Each optical network units (ONU) use different wavelengths light as the carrier and the client can 
either as fiber, directly accessed to the community, building, user desktops, or directly as a wireless 
access points to use after frequency conversion processing. In optical access network based on OFDM, 
the user can choose the cable access or wireless access method freely. Because OFDM signal itself is a 
worldwide interoperability for microwave access (WiMAX) transmission signal [10] and the user's 
WiMAX terminal can directly demodulate OFDM signals, the client also can directly make access point 
building into a wireless access point. It only needs in the access end to get through the photoelectric 
modulation electrical OFDM signal on a frequency, put the signal into a corresponding wireless 
frequency, and then amplify directly after launch. 
 
Fig.5 OFDMA-PON system 
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5. Conclusion 
The OFDM technology can not only solve the bottlenecks of optical access network speed, greatly 
improving the transmission rate, but also upgrade is flexible and convenient, low cost. And optical access 
technology based on OFDM has become a next-generation optical access technology research hotspot. 
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